Study of geographical variations in the rate of surgery for glue ear reveals striking differences both between English health regions and between health districts. There are two-fold differences between regions and up to seven-fold differences between districts. Analysis of these differences at different levels of population aggregation reveals that professional uncertainty about the indications and value of surgery for this condition is the major factor responsible. In addition, the availability of otolaryngologists influences the surgical rate at district though not at regional level. The method used in this study is unable to determine the part played by geographical variation in patient expectation and morbidity rate. In contrast to the lack of c-onsensus among otolaryngologists regarding the use of surgery for glue ear, there appears to be a high degree of agreement as regards tonsillectomy. The latter has coincided with the end of the decline in the tonsillectomy rate in the late 1 970s.
Introduction
The rate of surgery for glue ear increased dramatically in the UK during the last two decades (Black, 1984) . The reasons for this surgical epidemic are not clear. One method of investigating some of the possible determinants is by considering variations in the surgical rate between geographical areas. By studying variations at different levels of population aggregation it is possible to distinguish between some of the determinants (Table 1) . For instance, the clinical judgment of individual surgeons will have a large effect (relative to other factors) in causing variation between health districts, but only a small effect as regards inter-regional variation (McPherson et al. 1982) .
The factors affecting a surgical rate can be considered under two headingssupply and demand. Supply factors include such aspects as surgical manpower, operating facilities and the number of beds. These factors were thought to be partly responsible in the late 1960s for the tonsillectomy rate in the USA being double (Bunker 1970) 'and in Canada being three times (Vayda 1973 ) that for England and Wales. Supply factors are also thought to be responsible for differences at a more local level, such as those between Canadian counties, which have been found to vary from 59 to 307 per 10 000 children aged 0-19 years in Ontario (Shah & Carr 1974) , and those between regions of Manitoba which vary from 81 to 164 per 1000 children aged 0-14 years.
Demand factors fall into two groupsthose such as the age and sex composition of the population, variations of which can in principle be accounted for by statistical manipulation, and others including morbidity rate and patient expectation which are usually extremely difficult to measure. Whilst it seems probable that demand factors are seldom the cause of large variations, there is evidence that they are important in operations of a less 'discretionary' nature, such as cholecystectomy (McPherson et al. 1984) . Tonsillectomy does not appear to fall into this category, the high degree of uncertainty about the clinical indications for tonsillectomy having been recognized for some time (Fry 1957 , McKee 1963 , British Medical Journal 1969 , Edwards 1972 . The same appears to be true of surgery for glue ear. The importance of medical opinion as a determinant of surgical rates has been encapsulated in the 'professional uncertainty hypothesis' , that is, variation occurring to a large extent because of differences among doctors in diagnosis, indications for surgical intervention, and their belief in the value of therapy (Wennberg & Gittelsohn 1982 from the literature that operations form a spectrum from those (such as cholecystectomy) with low professional uncertainty which exhibit little variation between small areas, through to those of high uncertainty and considerable variation (such as tonsillectomy).
The object of the present study was to investigate variation in the rate of surgery for glue ear at different levels of population aggregation (international, inter-regional, inter-district) and the way those rates have changed over time. A similar analysis of tonsillectomy rates was performed for comparison.
Method
International comparison was confined to data on the USA and England and Wales in 1975. The National Center for Health Statistics in the USA and the Hospital Inpatient Enquiry in England and Wales provide national and regional data for tonsillectomy and myringotomy, based on the resident population. The numerators differ, however, in that the US data (US Department of Health 1975) refer to the numbers of operations performed in the region, whilst the UK data refer to the numbers of residents treated, irrespective of where they were treated. Considering the population size of the regions, this difference does not prevent meaningful comparisons being made. Other problems are that data is not routinely available by age group and it is not possible to identify which operations were performed specifically for glue ear. Despite these restrictions, some idea of international variation can be obtained.
Regional comparisons within England were based on eight Regional Health Authorities (RHAs): Trent, West Midlands, Oxford, East Anglia, NW and SW Thames, Wessex and South Western. Data on children aged under 10 years during the years 1975-1980 were obtained from Hospital Activity Analysis (HAA). Mid-1978 population estimates supplied by the Office of Population Censuses and Surveys (OPCS) for RHAs, counties and local authority districts were employed. The surgical rates (derived from HAA and these population estimates) were based on resident cases by resident population (adjustments having been made for cross-boundary flow). Surgery for glue ear was defined as one of the following: myringotomy only, myringotomy with adenoidectomy, and myringotomy with adenotonsillectomy. ('Myringotomy' included cases in which tympanostomy tubes (grommets) were also inserted). Tonsillectomy rates included all tonsillectomies, whether or not additional procedures were performed. This meant that children undergoing myringotomy and adenotonsillectomy (approximately 20% of glue ear cases) were included in both rates. No attempt was made to distinguish first operations from repeat procedures.
Variation in standardized surgical rates will result from both random and systematic components. In addition, the random component is not a constant proportion of the total variation in rates, being affected by the size of population and the number of operations (McPherson et al. 1982) . To arrive at an estimation of the systematic component of variation (1975) (1976) (1977) (1978) (1979) (1980) which can be used to make meaningful comparisons of the amount of variation, a method adapted from the proportional hazards model was used (McPherson et al. 1982) . The influence of some supply factors was investigated by comparing the surgical rates of regions and districts with surgical manpower (whole-time equivalent ENT medical staff) and available ENT beds, both per 10 000 population aged 0-9 years.
Results

International comparisons
The myringotomy rate in the USA (11 per 10 000 people of all ages) was more than twice that in England and Wales (4.5 per 10000) in 1975. The tonsillectomy rate in -the USA (33 per 10000) exceeded the England and Wales rate (19 per 10 000) by only 40%. Variance of regional surgical rates within each country showed only a slight difference.
Inter-regional comparisons
The mean annual rate for glue ear surgery in the eight regions (47.5 per 10 000) was slightly lower than the tonsillectomy rate (53.7 per 10 000). However, the inter-regional variation of the former was considerably greater than the latter (Figure 1) . A child in Oxford, Wessex or SW Thames region was twice as likely to have surgery for glue ear as was a child in Trent or South Western region, whereas the chance of undergoing a tonsillectomy was similar regardless of region of residence.
Comparisons of the surgical rate for glue ear with some regional supply factors (manpower and available beds) failed to show any clear associations.
Inter-district comparisons
The surgical rates for health districts in the eight RHAs were calculated. In some regions the extent of inter-district variation in surgery for glue ear (Figure 2 ) was greater than the interregional differences (e.g. SW Thames, NW Thames), whilst in others it was less (e.g. Oxford, (1975) (1976) (1977) (1978) (1979) (1980) Wessex). Thus, health districts in SW Thames region showed a three-fold-variation, whereas in Oxford region the district with the highest rate was only 54% above the lowest. In contrast, the variation in tonsillectomy rates between districts was considerably greater than that between regions, ranging from NW Thames (32.7-56.8) to West Midlands (9.8-115.3). The influence of supply factors on inter-district variation was studied for Oxford and Trent regions. Available beds did not appear to be related to the surgical rate but medical staffing levels did show a positive correlation. This association was not apparent for tonsillectomy rates.
Secular trends in geographical variations ofrates
Secular trends in the rates of surgery for glue ear and for tonsillectomy in three regions are shown in Figure 3 .-Whilst the general trend was for rates of surgery for glue ear to increase and overtake the tonsillectomy rate, each region's progress towards this appeared to differ. Secular trends for five health districts in the Oxford region are shown in Figure 4 . The rate of glue ear surgery rose in all districts over the nine years. Progress in each district towards glue ear surgery becoming the commoner procedure varied: the first year in which the surgical rate for glue ear exceeded that for tonsillectomy was around 1974 in Oxfordshire, 1976 in Wycombe, 1978 in West Berkshire, 1979 in Northampton and 1984 in Kettering.
Random variations
The contribution of random variation to the differences in observed rates was assessed, using the proportional hazards model. The resulting measure of the systematic component of variation (SCV) among the eight RHAs (Table 2) showed that the variance for glue ear surgery is about fifteen-fold that for tonsillectomy, a procedure that has previously been found to eihibit more inter-regional variance than other common operations.
The inter-district SCV showed considerable differences between the eight regions for both operations (ranging from 2 to 32 for glue ear surgery and from 4 to 19 for tonsillectomy). No consistent relationship appears to exist between the two operations within regions (i.e. high variation for glue ear surgery may be associated with low, medium or high variation for Figure 3. Surgical rates for glue ear operations (@ *) and tonsillectomy/adenotonsillectomy (03 0) in three English RHAs (1975 RHAs ( -1980 in children aged 0-9 years tonsillectomy). However, the variation in surgery for glue ear does appear to be related to the absolute surgical rate of the region (Figure 5 ) -the higher the rate, the lower the variation.
Discussion
Possible sources of variations are listed in Table 1 . The age and sex composition of the populations studied were similar so that this factor could not be responsible for the differences observed. Considerable systematic variation persists after allowing for random variation (Table  2) . That leaves four main factors to consider: age-specific disease prevalence; availability of medical care; clinical judgment; and patient expectation of surgery.
Age-specific disease prevalence
If systematic variation in the underlying morbidity of glue ear exists, then it is likely to have its greatest effect on variations in surgical rates at the highest levels of population aggregration, i.e. international and inter-regional. Thus some of the inter-regional variation (SCV = 9.03) could be attributable to this factor. Unfortunately, it is not possible to pursue this issue further with the method used in this study.
Availability ofmedical care
The number of available beds did not appear to have any influence on the surgical rates. However, at district level the availability of medical staff in otolaryngology was positively associated with the rate of surgery. The lack of association with beds may reflect the use of day surgery in the treatment of glue ear.
Overall, availability of care seems to be remarkably uninfluential in determining levels of surgery. For example, although there was considerable variation in the provision of otolaryngology services between regions, there was hardly any variation in the tonsillectomy rates (SCV= 0.61). Figure 4 . Secular trends in rate of surgery for glue ear (0 *) and tonsillectomy (0 O) per 10 000 children aged 0-9 years in five health districts in Oxford RHA (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) Figure 5 . Systematic component of variation (SCV) of the rate of operations for glue ear among the health districts of 8 RHAs by the regional rate for operations for glue ear per 10 000 population aged 0-9 years (1975) (1976) (1977) (1978) (1979) (1980) 
Clinicaljudgment
The effect of the clinical judgment of surgeons is usually only considered in the context of inter-district variation. Individual surgeons, it is argued, may affect a district's surgical rate (where there will probably be a maximum of three surgeons) but not the regional rate, as there will be too many surgeons for the activity of one individual to be noticeable. However, this fails to take into account 'group' clinical judgment. It seems plausible that the surgeons in any region may share similar clinical views. These would arise from regional meetings, postgraduate teaching, and the movement of surgeons in training between the various districts. There is evidence that both 'individual' and 'group' clinical judgment are important in determining the surgical rate for glue ear.
The evidence for 'group' clinical judgment is derived from Figure 5 in which the interdistrict variation for each region (adjusted for random variation) is correlated with the absolute surgical rate for glue ear. This shows two separate groupingslow-variance (Oxford, Wessex, East Anglia and SW Thames) and high-variance regions (NW Thames, South Western, Trent and West Midlands). It seems plausible that in the low-variance group there is a consensus among surgeons concerning the clinical indications for the use of surgery, whereas in the high-variance regions operating for glue ear remains a controversial decision. Part of the reason for this apparent 'two world' finding may be explained by the fact that the low-variance regions have the highest surgical rates whilst high-variance seems to be a feature of low-rate regions. In turn this suggests that as more surgeons adopt the operation, two changes occur: the regional surgical rate increases, and the inter-district variation decreases as a result of consensus being achieved. Thus Oxford and Wessex would appear to be furthest advanced along such a path, with Trent and South Western lagging behind.
Patient expectation
Demand for surgery is largely determined by the expectations of patients, the clinical judgment of general practitioners, and the availability of surgical services. Evidence of differences in patient expectation will be most apparent in variations at national and regional level. Given that surgery for glue ear appears to be commoner in upper social classes than in lower classes (Black 1984) , patient expectation may explain some of the differences between the more prosperous regions (Oxford, Wessex, SW Thames) and other less affluent ones (West Midlands, Trent).
In conclusion, it appears that differences in the clinical judgment of otolaryngologists is the main factor responsible for the high level of variation in surgical rates for glue ear both between regions and between districts. Although geographical differences in morbidity rates and patient expectations may contribute to this variation, it seems that there is a high level of professional uncertainty about the use of surgery in the treatment of glue ear.
